Introduction
Hepatitis C virus (HCV) infection is a major global health problem [1] [2] [3] . Patients with detectable levels of HCV-RNA have an increased risk of hepatic and extrahepatic disease [4] . The persistence of inflammatory responses and cellular damage of HCV promote disease progression toward fibrosis, cirrhosis, and hepatocellular carcinoma (HCC) [5] . Hepatic fibrosis is the deposition of excess extracellular matrix. The major effectors of fibrosis are the hepatic stellate cells and the portal fibroblasts, which are activated by soluble mediators produced by activated hepatic resident cells [6] . The lack of easy-to-use methods for the assessment of liver fibrosis has been a major limitation for clinical management and research [7] . Although liver biopsy (LB) is considered the standard for determination of the stage of fibrosis, it has disadvantages such as invasiveness, expensiveness, risk of complications, and potential for sampling errors. Noninvasive markers such as serum angiopoietin-2 (Ang-2) are being sought as an alternative [8] . Angiopoietins are a family of vascular growth factors that play a role in the physiological angiogenesis process [9] . Ang-2 is produced by the endothelial cells [10, 11] . It has been shown that Ang-2 is overexpressed in fibrotic liver tissues, and therefore, play a pathophysiological role in chronic liver disease (CLD) [12] . Ang-2 is believed to be involved in both the angiogenesis and the inflammatory pathways in pathological situations. Ang-2 may result in leaky vasculatures that facilitate the extravasation of lymphocytes and promote the adhesion of rolling leukocytes to blood vessels [10] .
The aim of the current study is to evaluate the role of serum Ang-2 as a noninvasive marker in the diagnosis of different stages of liver fibrosis in patients with chronic hepatitis C (CHC) infection.
Materials and methods
This current study was carried out at the National Hepatology and Tropical Medicine Research Institute Cairo together with Ain Shams University Hospital, Internal Medicine, Gastrointestinal and Hepatology outpatient clinics. The study included 90 individuals. They were divided into two groups: group A, which included 75 patients in whom antiviral therapy was planned for CHC, and group B, which included 15 normal controls. Group [13] . Exclusion of liver fibrosis in the control group was performed using Fibroscan.
Transient elastography (Fibroscan) was performed for the patients in group B to confirm the absence of any fibrosis using Fibroscan 502 equipment (ECHOSENS Company, Paris, France). The patients lay on their back with their arm raised behind their head. The physician applied a water-based gel to the skin, placed the probe with a slight pressure, and examines the right lobe of the liver through the intercostal space. The examination included 10 consecutive measurements performed on the same location. The result was obtained at the end of the examination in the form of a number in kilopascals (kPa).
Liver histology
Liver biopsies from patients were obtained by percutaneous needle extraction under ultrasound guidance and were embedded in paraffin for routine histopathological examination. The median length of liver biopsies was 1.9 mm. The METAVIR scoring system was used for staging liver fibrosis [13] . Liver fibrosis was divided into five stages from F0 to F4. F0 indicated the absence of fibrosis, F1 indicated the presence of portal fibrosis without septa, F2 indicated the presence of portal fibrosis with rare septa, F3 indicated the presence of numerous septa without cirrhosis, and F4 indicated is the presence of cirrhosis.
Angiopoietin-2 concentrations in the serum of chronic hepatitis C patients
Circulating Ang-2 levels were measured in the serum samples from CHC patients on the same day that they underwent LB, before initiation of antiviral combination therapy, using commercially available Human Angiopoieyin-2 ELISA kits following the manufacturer's instructions (Boster Immunoleader; Biological Technology Company Ltd, Pleasanton, California, USA). Blood samples (5 ml) were obtained from both groups A and B by a trained, professional nurse using sterile, disposable equipment. After centrifuging the blood samples, serum samples were separated in serum separator tubes and were stored horizontally at −20°C. Serum samples were mixed with diluents buffer samples in a ratio of 1 : 2. Serum levels of human Ang-2 were estimated by enzyme-linked immunosorbent assay and measured in pg/ml with levels ranging from 156 to 10 000 pg/ml.
Serological indices of fibrosis were calculated for the patients and presented in the results. Comparisons of the diagnostic values of Ang-2, aspartate aminotransferaseplatelet ratio index (APRI), and Fibrosis-4 (FIB4) were performed.
APRI: It was calculated as: (AST/upper limit of normal range)/[platelet count (10 9 /l)]×100 [14] .
The FIB4 score: this score was as calculated as: age (years)×AST (IU/l)/platelet count (10 9 /l)×ALT (IU/l) 1/2 [15] .
AAR (ALT/AST ratio): this score was calculated as: AST (IU/l)/ALT (IU/l) [16] .
Statistical analysis
The statistical package for the social science (SPSS Inc., IBM Company, Chicago, USA), version 17 for Microsoft Windows, was used for data analysis. Quantitative variables were expressed as mean±SD, whereas qualitative variables were expressed in percentage or number. The correlation between Ang-2 serum levels and other variables was analyzed by the Pearson correlation coefficient. A univariate regression analysis was carried out. Significant factors were then subjected to a multivariate analysis. Comparison of quantitative variables was carried out using the Student t-test, whereas comparison between more than two groups was carried out using the analysis of variance test (ANOVA). The area under the receiver operating characteristic curve (AUROC=AUC) was used to assess the discriminatory ability of the test under study to predict the stages of liver fibrosis among CHC patients. Significance level (P) value: P ≤ 0.05 is significant (S). P < 0.01 is highly significant (HS). P > 0.05 is insignificant (NS).
Results
There was a statistically significant higher mean of Ang-2 in higher stages of liver fibrosis (P<0.001) according to the ANOVA test (Table 1 and Fig. 1 ).
On comparing Ang-2 serum levels between different subgroups ( Table 2 ).
(1) There was a statistically significantly higher mean of Ang-2 in stages F2, F3, and F4 of liver fibrosis in comparison with stage F0 (P<0.05). (2) There was a statistically significantly higher mean of Ang-2 in stages F3 and F4 of liver fibrosis in comparison with stage F1 (P<0.05). (3) There was a statistically significantly higher mean of Ang-2 in stages F3 and F4 of liver fibrosis in comparison with stage F2 (P<0.05). (4) There was a statistically significantly higher mean of Ang-2 in stage F4 of liver fibrosis in comparison with stage F3 (P<0.05). (5) There was a statistically significantly lower mean of Ang-2 in normal cases in comparison with stages F2, F3, and F4 of liver fibrosis (P<0.05).
On comparing between patients with liver fibrosis (n=66, F1-F4) and those without (n=9, F0) using the ANOVA test, there was a statistically significantly higher mean Ang-2 serum levels (Table 3 and Fig. 2 ), α-fetoprotein (AFP), and INR in cases with liver fibrosis than in those without fibrosis (P<0.05). However, there was a statistically significantly lower mean albumin in cases with liver fibrosis in comparison with cases without fibrosis (P<0.05). (Table 4 ) indicated that:
Analysis of the relationship between liver fibrosis and different variables by univariate regression analysis
(1) Ang-2 serum levels showed an independent significant positive relation with liver fibrosis (coefficient: 0.000023, P<0.05). (2) AFP showed an independent significant positive relation with liver fibrosis (coefficient: 0.05848, P<0.05). multivariate regression analysis (Table 4 ). Among the total effects of all variables, only BMI showed a significant positive relation with liver fibrosis (coefficient: 0.01100, P=0.0463).
An analysis of therelationship between different variables and liver fibrosis was carried out using
Pearson correlation analysis was used to find the correlation between Ang-2 and other variables in cases with CHC (n=75) ( Table 5 ). There was a statistically significantly positive correlation between Ang-2 serum levels and AFP, FIB4, AST, APRI score, HCV-PCR, ALT, and total bilirubin (P<0.05). There was a statistically significantly negative correlation between Ang-2 and serum albumin (P<0.05).
Receiver operating characteristic curve (ROC) showed that the FIB4 score (Table 6 ) had a significant diagnostic value for liver fibrosis stages (F>2) at a cutoff more than 2.5 pg/ml (P=0.032) and F>3 at a cutoff more than 2.5 pg/ml (P=0.048). FIB4 showed 32% sensitivity and 93.7% specificity in the diagnosis of significant fibrosis (F>1) (Fig. 3) .
The ROC curve showed that the APRI score (Table 6 ) had significant diagnostic value for liver fibrosis stages (F>2) at a cutoff more than 0.96 (P=0.046) and F>3 at a cutoff more than 1.06 (P=0.011). It showed 52% sensitivity and 75% specificity in differentiating patients with significant fibrosis (F>1) at a cutoff value more than 0.67 ( Fig. 4) .
AUC-ROC analysis of the diagnostic value of Ang-2 showed 100% sensitivity and 100% specificity in differentiating fibrosis stages(F>1, >2,>3) at cutoff values more than 869.3, 2226, and 7205 pg/ml, respectively, as shown in Table 6 and Fig. 5 .
Discussion
CHC viral infection represents a serious health problem for nearly 200 million infected individuals worldwide. Morbidity and mortality rates of chronic HCV infection have been increasing since 2007 [17] . Egypt has the highest prevalence of HCV worldwide (15%) [18] and the highest prevalence of HCV genotype 4, which is responsible for almost 90% of HCV infections [19] .
Patients have different clinical outcomes, ranging from acute resolving hepatitis to CLDs including liver cirrhosis or HCC [20] . Accurate evaluation of hepatic Comparison of angiopoietin-2 (Ang-2) between normal controls and patients with different stages of liver fibrosis.
fibrosis has become the primary goal in managing the progression of CHC because its morbidity and mortality are linked to cirrhosis and its complications. In addition, the decision of physicians to administer antiviral therapy depends on the stage of fibrosis [21] . LB is considered the standard method for the diagnosis and staging of fibrosis on the basis of its value in assessing the stage of fibrosis and necroinflammatory grade [22] . However, LB can overestimate or underestimate the degree of fibrosis [23] . LB is not reasonable for the repetitive assessment of liver fibrosis during the long-term follow-up of patients, necessitating noninvasive markers that accurately diagnose the progression of CLDs as CHC before, during, and after treatment [24] .
In the current study, using univariate regression analysis, there was a significant relation between liver fibrosis on the one hand and Ang-2, AFP, INR, and albumin on the other. INR and AFP were found to have an independent significant positive relation, whereas serum albumin was found to have a significant negative relation with liver fibrosis. Also, statistically significantly higher means of INR and AFP, and lower mean of serum albumin were found in cases with liver fibrosis in comparison with cases without fibrosis. This is in agreement with Hernández-Bartolomé et al. [25] . In a study carried out by Sebastiani and Alberti [26] , age, platelet count, INR, AST, and GGT were found to be independent variables linked to liver fibrosis.
There was no statistically significant relation between liver fibrosis and the main demographic features of CHC patients in the present study. Hernández-Bartolomé et al. [25] , found a statistically significant relation by univariate regression analysis between liver fibrosis and age. Poynard et al. [27] found a correlation between a higher grades of fibrosis and male patients.
In a study carried out by Wong et al. [28] , age at the time of infection was found to be one of the most important host-related factors in the progression of liver fibrosis. Costa et al. [29] reported that patients who acquired HCV after the age of 40 years had a higher rate of fibrosis progression and reached the stage of liver cirrhosis within a period of time that was four to five times shorter than that observed for patients who were infected at a younger age.
In the current study, univariate regression analysis showed no significant relation between liver fibrosis and liver enzymes. These parameters were found to 
Figure 2
Comparison between angiopoietin-2 (Ang-2) mean levels in patients with fibrosis and patients without fibrosis using the analysis of variance test.
have positive significant relations with liver fibrosis in the study by Hernández-Bartolomé et al. [25] . In studies carried out by Adinolfi et al. [30] and Zechini et al. [31] , there was a correlation between liver fibrosis and serum ALT levels. It is well known that ALT is released by direct virus-related cytopathic activity and/or by an immune-mediated process [32] .
In a study carried out by Liu et al. [33] , serum ALT levels were not found to be a useful parameter to assess liver damage in the patients with CHC.
In the present study, the univariate regression analysis found no statistically significant relation between liver fibrosis and total bilirubin, which is different from the results of Hernández-Bartolomé et al. [25] .
The ROC curve analysis in this study showed that the FIB4 score had significant diagnostic value in differentiating patients with fibrosis stages (F>2) at a cutoff more than 2.5 and patients with F>3 at a cutoff more than 2.5. It showed low sensitivity and high specificity in differentiating patients with significant fibrosis (those with >F1). In previous studies, the use of this index correctly classified 87% of patients with FIB4 values beyond 1.45-3.25 and biopsy could be avoided in 71% of the patients in the validation set with an AUC of 0.765, a sensitivity of 70%, and a specificity of 97% for differentiating fibrosis stages of Ishak score 0-3 from 4 to 6 [15] .
In the present study, the APRI score had significant diagnostic value in the stages F>2 at a cutoff more than 0.96 and F>3 at a cutoff more than 1.06 using ROC curve analysis. It showed 52% sensitivity and 75% specificity in the diagnosis of significant hepatic fibrosis (stages>F1). This is in agreement with a recent meta-analysis study carried out by Lin et al. [34] , who suggested that the APRI score can identify hepatitis C-related fibrosis with only a moderate degree of accuracy. In the study by Giannini et al. [32], it was found that APRI scores in patients with CHC showed a rather good diagnostic performance and reproducibility, particularly for cirrhosis.
In this study, statistically significantly higher mean Ang-2 levels were found in CHC patients compared with normal individuals. Also, higher levels of Ang-2 were present in higher stages of liver fibrosis. A significant positive correlation was found between Ang-2 and AFP, FIB4, AST, APRI score, HCV-PCR, ALT, and total bilirubin, whereas there was a statistically significant negative correlation between Ang-2 serum levels and serum albumin.
Ang-2 is one of the regulators of neovascularization, vascular remodeling, and maturation in CHC patients through agonistic and antagonistic autophosphorylation of its common tyrosine kinase receptor, Tie2 [35] . Also, it is one of the most significant signaling pathways in pathological angiogenesis and HCC [36] .
Serum vascular endothelial growth factor (VEGF), Ang-2, and Tie2 are increased in viral hepatitis and their concentrations could be valuable markers of hepatic inflammation, disease progression, and response to therapy. Treatment of CHC patients with pegylated interferon and ribavirin was found to reduce the inflammatory process and therefore could decrease VEGF and Ang-2 concentration [37] .
In the current study, ROC curve analysis showed that the Ang-2 cutoff value more than 869.3 pg/ml was the best in differentiating patients with significant fibrosis (>F1) [sensitivity=100%, specificity=100%, 95% confidence interval (CI)=0.94-1, and AUC=1]. Table 6 Diagnostic value of each of the Fibrosis-4 score, the aspartate aminotransferase-platelet ratio index score, and angiopoietin-2 in discriminating different stages of liver fibrosis using receiver operating characteristic curve analysis (n=66) APRI, aspartate aminotransferase-to-platelet ratio index; AUROC, area under the receiver operating characteristic curve; CI, confidence interval; FIB4, Fibrosis-4; NPV, negative predictive value; PPV, positive predictive value. The Bold values P ≤ 0.05 are significant.
Figure 3
Diagnostic value of the Fibrosis-4 (FIB4) score in differentiating patients with significant fibrosis (F>1), at cutoff more than 2.39, by receiver operating characteristic curve.
Figure 4
Diagnostic value of the APRI score in differentiating patients with significant fibrosis (F>1) at a cutoff more than 0.67 by receiver operating characteristic curve. APRI, aspartate aminotransferaseplatelet ratio index.
The Ang-2 cutoff value more than 2226 pg/ml was the best in differentiating patients with advanced fibrosis (F>2) [P<0.0001, positive predictive value=100%, negative predictive value=100%, sensitivity=100%, specificity=100%, 95% CI=0.94-1, SE=0, and AUC=1].
The cutoff value more than 7205 pg/ml was the best in differentiating patients with cirrhosis (F>3) [P<0.0001, positive predictive value=100%, negative predictive value=100%, sensitivity=100%, specificity=100%, 95% CI=0.94-1, SE=0, and AUC=1].
These findings are in agreement with Hernández-Bartolomé et al. [25] , who found that Ang-2 serum levels increased progressively with the stages of fibrosis. Hernández-Bartolomé et al. [25] found that Ang-2 was accurate in differentiating between different fibrosis stages (F1, F2, and F3) in 107 CHC patients. In their study, AUC values were 0.886 for F1, 0.920 for F2, and 0.923 for F3. Their cutoffs had a sensitivity and specificity of ∼80% or higher and accuracy above 80% for all stages (F1, F2, and F3) [25] .
Conclusion
Ang-2 correlated significantly with liver fibrosis stage. It can aid noninvasive differentiation between different stages of liver fibrosis in patients with CHC.
Figure 5
Diagnostic value of angiopoietin-2 (Ang-2) in differentiating patients with significant fibrosis (F>1) by receiver operating characteristic curve.
